A crucial pathophysiological issue concerning central neuropathic pain is the modification of sensory processing by abnormally increased low-frequency brain rhythms. Here we explore the molecular mechanisms responsible for such abnormal rhythmicity and its relation to neuropathic pain syndrome. Toward this aim, we investigated the behavioral and electrophysiological consequences of trigeminal neuropathic pain following infraorbital nerve ligations in Ca V 3.1 T-type Ca 2+ channel knockout and wild-type mice. Ca V 3.1 knockout mice had decreased mechanical hypersensitivity and reduced low-frequency rhythms in the primary somatosensory cortex and related thalamic nuclei than wild-type mice. Lateral inhibition of gamma rhythm in primary somatosensory cortex layer 4, reflecting intact sensory contrast, was present in knockout mice but severely impaired in wild-type mice. Moreover, cross-frequency coupling between low-frequency and gamma rhythms, which may serve in sensory processing, was pronounced in wild-type mice but not in Ca V 3.1 knockout mice. Our results suggest that the presence of Ca V 3.1 channels is a key element in the pathophysiology of trigeminal neuropathic pain. In agreement with such MEG findings, the excess power of low-frequency oscillation was marked in local-field potential (LFP) recordings from the thalamus (3-5) and electroencephalogram (EEG) recordings from the cortex (6, 7) of patients with neuropathic pain. In addition, the presence of thalamic burst firing, which is a well-known underlying mechanism for cortical low-frequency oscillations through the thalamocortical recurrent network (8, 9), has been confirmed in patients with neuropathic pain (10-13). Results from small lesions in the posterior part of the central lateral nucleus of the medial thalamus, which reduce tonic hyperpolarization of thalamic neurons in chronic neuropathic pain patients, have also provided insight into the role of low-frequency thalamic rhythmicity in neuropathic pain. Following such interventions, a marked decrease in low-frequency EEG power was observed as well as pain relief (7, 12), indicating that alteration of thalamocortical rhythms plays a crucial role in the development and/or persistence of neuropathic pain.
A crucial pathophysiological issue concerning central neuropathic pain is the modification of sensory processing by abnormally increased low-frequency brain rhythms. Here we explore the molecular mechanisms responsible for such abnormal rhythmicity and its relation to neuropathic pain syndrome. Toward this aim, we investigated the behavioral and electrophysiological consequences of trigeminal neuropathic pain following infraorbital nerve ligations in Ca V 3.1 T-type Ca 2+ channel knockout and wild-type mice. Ca V 3.1 knockout mice had decreased mechanical hypersensitivity and reduced low-frequency rhythms in the primary somatosensory cortex and related thalamic nuclei than wild-type mice. Lateral inhibition of gamma rhythm in primary somatosensory cortex layer 4, reflecting intact sensory contrast, was present in knockout mice but severely impaired in wild-type mice. Moreover, cross-frequency coupling between low-frequency and gamma rhythms, which may serve in sensory processing, was pronounced in wild-type mice but not in Ca V 3.1 knockout mice. Our results suggest that the presence of Ca V 3.1 channels is a key element in the pathophysiology of trigeminal neuropathic pain. (2) . In agreement with such MEG findings, the excess power of low-frequency oscillation was marked in local-field potential (LFP) recordings from the thalamus (3) (4) (5) and electroencephalogram (EEG) recordings from the cortex (6, 7) of patients with neuropathic pain. In addition, the presence of thalamic burst firing, which is a well-known underlying mechanism for cortical low-frequency oscillations through the thalamocortical recurrent network (8, 9) , has been confirmed in patients with neuropathic pain (10) (11) (12) (13) . Results from small lesions in the posterior part of the central lateral nucleus of the medial thalamus, which reduce tonic hyperpolarization of thalamic neurons in chronic neuropathic pain patients, have also provided insight into the role of low-frequency thalamic rhythmicity in neuropathic pain. Following such interventions, a marked decrease in low-frequency EEG power was observed as well as pain relief (7, 12) , indicating that alteration of thalamocortical rhythms plays a crucial role in the development and/or persistence of neuropathic pain.
Trigeminal neuropathic pain (TNP) is characterized by unilateral chronic facial pain limited to one or more divisions of the trigeminal nerve. There is increasing evidence that TNP is associated with anatomical and biochemical changes in the thalamus (14) (15) (16) . Moreover, patients with TNP display significant reductions in thalamic volume and neural viability (15) , indicating that altered thalamic anatomy, physiology, and biochemistry may result in disturbed thalamocortical oscillatory properties.
Abnormal thalamic activity has been investigated in patients with neuropathic pain (3-7, 10-13, 17, 18) , including TNP (14) (15) (16) . Furthermore, the potential role of thalamic burst firing in abnormally increased low-frequency oscillations has been proposed as a pathophysiological mechanism (2, 12) . Because T-type Ca 2+ channels are known to underlie thalamic burst firing (8, 9) , it is reasonable to propose that pathophysiological low-frequency rhythms, such as those seen in central neuropathic pain, may be mediated by these calcium channels. Nevertheless, this hypothesis has not been directly tested. To determine whether T-type Ca 2+ channels play a role in the generation of neuropathic pain, thalamocortical oscillatory properties were examined in mice lacking Ca V 3.1 channels following induction of TNP through partial ligation of the inferior orbital nerve (IoN). This channel represents the major T-type Ca 2+ channel isoform in thalamocortical projection neurons (19) . Following IoN ligations, Ca V 3.1 knockout (KO) mice showed significantly attenuated mechanical hypersensitivity, compared with wild-type (WT) mice. Moreover, spectral analysis of thalamocortical rhythms from Ca V 3.1 KO mice showed decreased low-frequency rhythm propensity, compared with WT mice. In addition, response to gamma activation and the spatiotemporal patterns of primary somatosensory (S1) cortex activity were altered in WT but not in KO mice after IoN ligation.
Significance
Understanding the pathophysiological mechanism of central neuropathic pain has attracted much attention, especially because neuropathic pain is often unresponsive to existing medical treatments. In this study, we investigated the role of Ca V 3.1 T-type Ca 2+ channels in the development of trigeminal neuropathic pain (TNP) in mice. Our results show that, intriguingly, Ca V 3.1 knockout mice had attenuated TNP. Specifically, we demonstrate that increased low-frequency rhythmicity and widely spread noncolumnar activity were present in wildtype TNP mice but not in knockout TNP mice. Moreover, abnormally pronounced coupling between low-frequency and high-frequency rhythms in the thalamocortical network of wild-type mice was absent in Ca V 3.1 knockout mice. Our results clearly imply that the presence of Ca V 3.1 channels is a crucial element in the pathophysiology of TNP.
Moreover, the cross-frequency interactions between low-frequency and gamma rhythms were significantly increased in WT but not in Ca V 3.1 KO mice. These findings indicate that TNP is associated with altered thalamocortical rhythms, resulting in increased sensitivity to pain as well as pain generation in response to nonnoxious stimuli. In addition, these results indicate that Ca V 3.1 T-type Ca 2+ channels are fundamentally associated with the alteration of thalamocortical rhythms seen in TNP.
Results
Differential Effect of TNP in Ca V 3.1 KO and WT Mice: Behavioral and Electrophysiological Evaluation.
Hypersensitivity to mechanical stimulation in the TNP mouse model. The sensitivity of IoN territory to mechanical stimuli was compared in IoN-ligated (Fig. 1A) and sham-operated WT and KO mice. As shown in Fig. 1B, 1 wk following IoN ligation, both WT (WT-TNP; n = 13) and KO (KO-TNP; n = 13) mice were significantly more sensitive to mechanical stimuli compared with their presurgical response (red asterisks, ***P < 0.001, WT-TNP and green asterisks, **P < 0.01, KO-TNP, by Student's paired t test). However, the WT-TNP mice were significantly more sensitive to such stimulation than KO-TNP mice at 1, 2, and 3 wk after IoN ligation (Fig. 1B , black asterisks, ***P < 0.001 by two-way repeatedmeasures ANOVA for genotype and postoperative time in Ca V 3.1 WT-TNP vs. KO-TNP). Such hypersensitivity was absent in shamoperated WT (WT-sham; n = 11) and KO (KO-sham; n = 12) mice. Thus, this TNP model was successful in inducing pain as measured by the mechanical sensitivity test.
Changes of S1 power spectra in WT but not in KO mice after TNP induction.
EEG recordings from the S1 cortex ( Fig. 2 A and B) and their spectral analysis (Fig. 2 C and D) showed a significantly larger absolute spectral power at low frequencies (1.0-3.0 Hz) in WT-TNP ( Fig. 2C, red ; n = 13) than in WT-sham mice ( Fig. 2C , black; n = 14) (*P < 0.05 by Student's t test). The spectral power of low-frequency rhythms (1.0-5.0 Hz) in the S1 cortex of KO-TNP (Fig. 2D, green) was significantly lower in mean absolute value, compared with that of WT-TNP (Fig. 2C , red) (P < 0.05 by Student's t test). There was no difference between KO-TNP ( Fig. 2D , green; n = 12) and KO-sham mice ( Fig. 2D , gray; n = 13) (P > 0.05 by Student's t test). The peak EEG frequency is plotted in Fig. 2E . Note that the peak frequency was significantly lower in WT-TNP (Fig. 2E , red) than in sham-operated WT mice (Fig. 2E , black) (**P < 0.01 by Student's t test). In contrast, there was no difference between the KO-TNP (Fig. 2E, green) and the sham-operated KO mice (Fig. 2E, gray) . Notably, the peak frequency was significantly lower in WT-TNP than in KO-TNP mice (Fig. 2E, **P < 0.01 by Mann-Whitney rank-sum test). Thus, induction of TNP led to a reduction in the frequency of the strongest oscillatory brain activity in the S1 cortex in WT but not in KO mice. There were no significant changes in EEG spectral power at frequencies above 12 Hz (Fig. S1A ).
Changes in delta oscillations in the somatosensory thalamus in WT but not in KO mice. Given the strong projections from the thalamic ventral posteromedial nucleus (VPM) to the S1 cortex and its recurrent connectivity (20) , LFPs were recorded from the VPM in Ca V 3.1 KO and WT mice ( Fig. 3 A and B) . This allowed us to determine (i) whether the alterations in the rhythms seen in the S1 cortex of WT-TNP mice ( Fig. 2 B, C , and E, red) were related to changes at the thalamic level, and (ii) whether these alterations were mediated via Ca V 3.1 T-type Ca 2+ channels. Greater spectral power in the low-frequency range was seen in WT-TNP ( (D) Mean absolute spectral power as a function of frequency for KO-sham (n = 13) and KO-TNP (n = 12). (E) Peak EEG frequency in the S1 cortex. The power of low-frequency oscillations in WT-TNP (red) was greater than that in sham-operated WT mice (black) (C, *P < 0.05 by Student's t test). There was no significant difference between KO-sham (gray) and KO-TNP (green) (D, P > 0.05 by Student's t test). Note that the power of low-frequency oscillations (1-5 Hz) was significantly lower in IoN-ligated Ca V 3.1 KO (D, green) than in WT-TNP mice (C, red) (P < 0.05 by Student's t test). The peak frequency was shifted from theta toward delta in WT after IoN ligations (E, **P < 0.01 by Student's t test). The peak frequency of Ca V 3.1 KO-TNP was greater than that of WT-TNP (E, **P < 0.01 by Mann-Whitney rank-sum test; peak in theta rhythm range in KO-TNP and peak in delta rhythm range in WT-TNP). All values represent mean ± SEM. red; n = 9) than in those from WT-sham-operated mice ( Fig. 3C , black; n = 7) (*P < 0.05 by Student's t test). This difference was not found between KO-TNP ( Fig. 3D, green ; n = 8) and KOsham-operated mice ( Fig. 3D, black ; n = 8) (P > 0.05 by Student's t test). As seen in the S1 recordings shown in Fig. 2 , the amplitude in the delta frequency range was larger in the VPM of WT-TNP mice (Fig. 3C, red) than in KO-TNP (Fig. 3D , green) (P < 0.05 by Student's t test). There were no significant changes in LFP spectral power at frequencies above 12 Hz (Fig. S1B) .
The peak frequencies of the VPM LFP and S1 EEG were similar (compare Figs. 2E and 3E). The peak frequency in WT-TNP (Fig. 3E, red) was lower than that in WT-sham (Fig. 3E , black) mice (**P < 0.01 by Student's t test). This difference was not present in the two groups of KO mice (Fig. 3E , KO-sham, gray and KO-TNP, green). The peak frequency of the WT-TNP was significantly lower than that in KO-TNP mice (Fig. 3E , red and green, respectively; 2.2 ± 0.3 Hz in WT-TNP and 6.1 ± 1.1 Hz in KO-TNP, *P < 0.05 by Mann-Whitney rank-sum test). These findings indicate that the changes seen in the S1 cortex after TNP induction were related to similar changes at the thalamic level. Further, the differences observed between WT and KO mice indicate that such changes were indeed mediated via Ca V 3.1 T-type Ca 2+ channels. High-frequency (>35 Hz, gamma range) white matter stimulation has been shown to elicit a spatially restricted columnar activation in the cortex (21) . Columnar activation is an essential step in cortical sensory processing because it allows the formation of temporal coherence with spatially segregated neuronal activity clusters (21) (22) (23) . A key factor in shaping the cortical activity distribution is the frequency of the thalamic input to the cortex (24) . To investigate the effect of gamma input on the distribution of cortical activity, voltage-sensitive dye imaging (VSDI) was used in thalamocortical slices from WT-sham, WT-TNP, KO-sham, and KO-TNP mice (Fig. 4E) . Because the functional connectivity between the thalamus and cortex is preserved in these slices, VSDI allowed direct visualization of the spatiotemporal dynamics between the S1 cortex and thalamus. As previously demonstrated (21, 24) , white matter stimulation at gamma frequency activated spatially restricted fluorescence changes [DF/F, (F − F 0 )/F, where F 0 is the base fluorescence level] in layer 4 of the S1 cortex near the region of the stimulating electrode (Fig. 4A) . In contrast, a more extensive noncolumnar pattern of cortical activity was seen in WT-TNP mice after white matter stimulation (Fig. 4B) . Three-dimensional profiles of layer 4 activity clearly illustrate this difference between WT-sham ( Fig. 4C ) and WT-TNP (Fig. 4D) mice. There was no significant difference in the pattern of cortical activity in KO-sham (Fig. 4 F and H) and KO-TNP (Fig. 4 G and I) mice. The lateral spread of cortical activity in layer 4 is plotted for the four groups of animals in Fig. 4J . The lateral spread of activity was clearly greater in WT-TNP mice (red; n = 8) than in WT-sham-operated (black; n = 5) or KO-TNP mice (green; n = 6) (***P < 0.001 by Student's t test). There was no difference between KO-TNP and KO-sham-operated mice (n = 6) (P > 0.05 by Student's t test).
Increased Phase-Amplitude Cross-Frequency Coupling within the S1
Cortex of IoN-Ligated WT Mice but Not in Ca V 3.1 KO Mice. In TCD, abnormal low-frequency thalamic oscillations have been observed at the cortical level (2). Moreover, low-frequency firing of inhibitory interneurons reduces lateral inhibition, resulting in high-frequency firing of neighboring regions. This has been termed the "edge effect" (24) , and was initially reported in the retina (25) . This edge effect has been proposed to underlie positive symptoms in TCD, including allodynia (2, 12, 18, 26) . In the present study, increased low-frequency thalamic (Fig. 3) and cortical ( Fig. 2 ) rhythmicity and altered high-frequency oscillatory activity (Fig. 4) have been seen in WT-TNP but not in KO-TNP or sham-operated mice. To find whether there was a correlation between the delta/theta and beta/gamma range activity in the S1 cortex, phase-amplitude cross-frequency coupling (CFC) was determined. CFC gives a measure of the degree to which the phase of the low-frequency component modulates the amplitude of the high-frequency component and the coordination of oscillations at different frequencies. Fig. 5 A-D shows the modulation index (MI) between the phase of low-frequency oscillations (abscissa, 2-8 Hz) and the amplitude of high-frequency oscillations (ordinate, 20-50 Hz) in the four groups of mice. The CFC showed a stronger modulation of beta/gamma (modulated amplitude) by delta (modulating frequency) in WT-TNP mice (Fig. 5B ) than in the other three groups of mice (Fig. 5 A, C , and D; n = 12 for each group).
These CFC patterns were compared for pairs of two groups of mice using the Mann-Whitney rank-sum test with Bonferroni correction for multiple comparisons. There was a distinct modulation The peak frequency of thalamic LFP in WT-TNP mice was shifted to delta band range, compared with the theta band range of WT-sham (E, **P < 0.01 by Student's t test). However, the peak frequency of Ca V 3.1 KO-TNP was in the theta rhythm range, as in the S1 cortex EEG (Fig. 2) . All values represent mean ± SEM.
of coupling between 30-40 Hz (gamma) and 4-6 Hz (theta) in WT-TNP mice compared with the KO-TNP (Fig. 5E ). On the other hand, coupling between 20-30 Hz (beta/gamma) and 4-6 Hz (theta) frequency was enhanced in WT-TNP compared with WT-sham (Fig. 5F ). In contrast, there was no difference in coupling between the frequencies in WT-sham and KO-sham mice (Fig. S2A) or KO-sham and KO-TNP mice (Fig. S2B) . Finally, we further examined a possible role for Ca V 3.1 T-type Ca 2+ channels in the pathophysiological development of TNP by comparing the enhanced frequency coupling between each genotype using Friedman's two-way ANOVA. Comparison was made between both groups of WT and both groups of KO mice with repetitive random sampling (after adjusting for a difference in variability). As shown in Fig. 5G , we found significantly enhanced cross-frequency coupling in WT (criterion P <0.05 with >50% of the 100 repetitive random sampling trials) in the range of 2-3 Hz (modulating phase) with near 25 Hz (modulated amplitude) and 5-7 Hz with 35 Hz. Note that the bin showing relatively strong coupling, 5-7 Hz (modulating phase), with 30-40 Hz (modulated amplitude) is similar to that seen when WT-TNP and KO-TNP mice were compared (Fig. 5E ).
Discussion
Thalamic burst firing, supported by deinactivation of Ca V 3.1 T-type Ca 2+ channels, has long been proposed as the underlying mechanism for cortical low-frequency oscillations (8, 9) . Such thalamic activity has been observed in patients with neuropathic pain (10) (11) (12) (13) . Burst firing has also been observed in rodents following a spinal cord lesion (27) (28) (29) . Thus, we proposed that a Ca V 3.1 T-type Ca 2+ channel-mediated alteration of thalamocortical rhythms plays a crucial role in the development and/or persistence of neuropathic pain. In the present study, KO mice lacking Ca V 3.1 T-type Ca 2+ channels were studied to evaluate the contribution of this channel to the behavioral and electrophysiological characteristics of mice with chronic pain following trigeminal neuropathy.
The present results clearly indicate that the hypersensitivity that is usually associated with neuropathy after IoN ligation was markedly reduced in the Ca V 3.1 KO mice, compared with WT mice (Fig. 1) . Consistent with these behavioral data, there was an increased probability of low-frequency thalamocortical oscillations in WT mice after IoN ligation that was not found in Ca V 3.1 KO mice under the same conditions (Figs. 2 and 3) . Such findings indicate that the attenuated mechanical hypersensitivity in KO-TNP mice is related to their reduction in pathophysiological lowfrequency rhythms. We also found that the alteration of normal sensory perception in WT mice following IoN ligation may be related to reduced lateral inhibition in the S1 cortex (Fig. 4) . In addition, an increased CFC between the phase of low-frequency oscillations and the amplitude of gamma oscillations was also presented in WT-TNP mice (Fig. 5) , demonstrating that crossfrequency thalamocortical coupling accompanies chronic pain.
From a neuronal perspective, low-frequency oscillations are mostly related to the hyperpolarization-induced deinactivation of T-type Ca 2+ channels and oscillatory thalamic burst firing (30) . The increased thalamic burst firing and its cortical consequence (low-frequency firing with an edge effect), which have been proposed to underlie the pain response seen in WT, were absent in KO mice. Although it must be studied further, it is quite likely that the intrinsic electrophysiological properties of thalamic neurons were modified in animals with TNP following IoN neuropathy. Further, significant enhancement of T-type Ca 2+ current in sensory neurons has been reported in rats with diabetic neuropathy (31) .
A critical aspect of the altered thalamocortical rhythm in TNP, where projections from the thalamus entrain an increase of lowfrequency rhythm in the cortex, is the loss of lateral inhibition (Fig. 4) . In S1 cortical layer 4, loss of lateral inhibition, seen as an abnormal spread of cortical columnar activation, is due to the lower rate of cortical firing (21, 24) . Deafferentation induces hyperpolarization of thalamic neurons, leading to the deinactivation of T-type Ca 2+ channels (32) and enhancement of inward rectifying current (33) , thus enforcing gamma oscillation in adjacent cortical areas by lateral disinhibition (24) . This asymmetric lateral inhibition has also been seen in central chronic pain patients (4, 18) .
Intriguingly, this alteration of lateral inhibition in thalamocortical slices from WT mice with trigeminal neuropathy indicates that the abnormal electrophysiological properties in the thalamocortical network, which are seen in TNP, persisted even in the absence of a pain signal from peripheral primary sensory neurons. This result suggested that the alteration in thalamocortical activity seen in neuropathic pain is not a secondary response to primary changes at the level of peripheral sensory input. It is consistent with the pathophysiological changes in thalamic activity seen in diabetic neuropathic pain (34, 35) and with chronic constriction injury of the sciatic nerve (36) (37) (38) , supporting the presence of a central neuropathic mechanism.
The present results are also in agreement with previous studies demonstrating attenuated neuropathic pain behaviors in Ca V 3.1 KO mice following spinal nerve ligation (39) . Our results are consistent with those behavioral observations, suggesting that the Ca V 3.1 T-type Ca 2+ channels could contribute to the alteration of thalamocortical dynamics seen in spinal neuropathy and trigeminal neuropathy chronic pain. Furthermore, chronic neuropathic pain, in contrast to nonneuropathic pain, has been shown to be associated with significant biochemical, physiological, and anatomical changes in the thalamus (15) , suggesting that these two conditions are fundamentally different. It is likely, therefore, that the finding of no difference in tests of acute pain following direct activation of pain receptors in Ca V 3.1 KO mice (40, 41) does not address central pain sensitization but rather a physiologically evoked pain response.
Compared with the synchronization at single frequencies, CFC allows the analysis of complex interactions at different frequency bands (42, 43) and phase-amplitude. Indeed, CFC has been proposed to be an effective mechanism in combining network activity with sensory processing (44) (45) (46) . Significantly different CFC patterns between low-frequency rhythms and gamma rhythm were found within the S1 cortex following IoN ligations in WT, compared with KO mice (Fig. 5) . The S1 cortex is involved in the sensory processing of nociceptive information, and activity in gamma rhythm is obligatory to sensory perception (47) . Therefore, it is reasonable to infer that the increased coupling between the phase of low-frequency oscillation and the amplitude of gamma oscillation underlies mechanical hypersensitivity in TNP. This CFC finding suggests that low-frequency rhythms strongly modulate high-frequency rhythms in the S1 cortex of TNP mice, resulting in a coherent system of In WT-TNP (B), the phase of delta/theta rhythms strongly entrained the amplitude of the beta/gamma rhythm, revealing a predominant low-frequency rhythm-to-high-frequency coupling. (E and F) Statistical significance of the difference between Ca V 3.1 WT-TNP and KO-TNP (E) or between WT-TNP and WT-sham mice (F) using the Mann-Whitney rank-sum test with Bonferroni correction. Cross-frequency bins in which the CFC increased significantly (P < 0.05) were found in low-frequency rhythm-to-gamma CFC in WT-TNP, compared with KO-TNP (E) and WT-sham (F). (G) Statistical significance of the difference between Ca V 3.1 WT and KO using random sampling comparison with Friedman's two-way ANOVA. Warm colors indicate the cross-frequency coupling bins showing statistical significance (P < 0.05 with more than 50% of the 100 repetitive random sampling trials).
tightly coupled oscillations associated with the perception of pain itself. Our results further suggest that coupling between low-and high-frequency oscillations is involved in the generation and/or persistence of neuropathic pain, and that Ca V 3.1 T-type Ca 2+ channels are implicated in this pathophysiological change in TNP.
In conclusion, the present findings indicate that the Ca V 3.1 T-type Ca 2+ channel in the central nervous system is involved in the development of mechanical hypersensitivity, known as allodynia. This is in addition to previous studies showing a role for T-type Ca 2+ channels in hyperexcitability and ectopic discharges within damaged sensory neurons and their axons in the peripheral nervous system (31, 48) . Our findings address new implications concerning the pathophysiological mechanism underlying chronic neuropathic pain. These data also suggest that inhibition of Ca V 3.1 channels in the thalamocortical network may effectively reduce mechanical hypersensitivity in TNP, making this channel a potential target for the development of neuropathic pain analgesics.
Materials and Methods
All animal care and experimental procedures were approved by the Institutional Animal Care and Use Committees of the New York University School of Medicine and the Marine Biological Laboratory, and were in accordance with the guidelines of the International Association for the Study of Pain (49) . All observations were performed in a blind fashion. The mice and experiments for this study are described in detail in SI Materials and Methods.
